Introduction
The production of textile fibers has grown to nearly 100 million metric tonnes, with major categories being synthetics (63%), cotton (24%), regenerated cellulosic (7%), other natural fibers (5%), and wool fibers (1 %) [1] . Of the water present on earth, fresh water that is consumable for human, animal, or plant is 0.65%, and only 0.3% of fresh water is renewable. Among the different crops, cotton requires much water, damaging freshwater ecosystem globally. Even though cotton fiber is sustainable, the production of 1 kg of cotton fiber needs more than 20,000 l of water, consuming 24% and 11% of global insecticide and pesticides consumption, respectively. Also, cotton crop uses 2.4% of world's crop land. Moreover, cotton cultivation destructs ecosystems in various parts of the globe [2] .
As only 7% of the regenerated fibers are being used currently, these have great potential for use in textile clothing. Three generations of regenerated cellulosic fibers, such as viscose, modal, bamboo, and Tencel fibers are the most important fibers because of certain properties regarding textiles and environment. Different production processes and conditions for conventional viscose, modal, bamboo, and new Tencel fibers cause differences in the structure of the fibers, although they have similar chemical compositions [3] .
The microstructure and thermal properties of Tencel, modal, and viscose fibers were analyzed using DSC, FTIR, and TG. The spectral analysis of FTIR shows that Tencel is highly crystalline than other fibers having crystalline cellulose II and amorphous cellulose. In this way, Tencel is found to have more thermal stability than modal and viscose [4] . All the regenerated fibers are biodegradable, of which Tencel fiber has high strength, which contains water in its structure as a source of heat capacity that helps in human body's temperature regulation.
Modal is a modified form of viscose with induced high wet strength, high comfort, fine lustre, hand, smoothness, wicking properties, and performance properties such as strength and modulus. Bamboo fiber is extremely soft, cool, and breathable and has higher luster and more moisture absorption. In addition, it has anti-UV properties and inherent antibacterial properties. The microgaps and microholes present in the cross section of bamboo fiber enhance moisture absorption and ventilation [5] . Organic Crop Improvement Association (OCIA) has certified bamboo viscose fiber as an organic fiber that can be degraded by microorganisms and sunshine [6] . Viscose fibers are also hydrophilic. These inherent physiological fiber properties are ideal for moisture management. The moisture management properties ensure an ample temperature balance on the skin by enhancing the overall thermal comfort.
Many studies in which Tencel having outstanding properties was blended with other fibers to study different yarn and fabric properties were conducted. Blended yarns of Tencel, cotton, and modal were studied, and it was found that Tencel:cotton blend spinning by blending the fibers in Blow room. The machines used in this study are listed in Table 3 . 
Fabric Processing
The sample fabrics were first desized (detail is given in Table  4 ) and then scoured and bleached (detail is given in Table 5 ). has better mechanical properties [7] . Similarly, it was found that pure Tencel yarns and its blends have better quality than other blends [8] . Tencel gives excellent properties in both pure as well as blended form and can be used in sports wear [9] . In a study of thermal comfort properties of bamboo and Tencel knitted fabrics, it was found that increase in blend ratio of Tencel increases air permeability, water vapor permeability, and increases thermal resistance [10] . Comparative analysis of thermal insulation properties of fabrics made of cotton and Tencel was conducted. The finished Tencel fabrics showed lower values of thermal conductivity and thermal absorption than cotton fabrics and higher values of thermal diffusion and resistance. [11] . Dimensional properties of viscose, modal, and lyocell single jersey knitted fabrics were studied with three different loop lengths in dry, wet and relaxed conditions. The lyocell fabrics showed higher bursting strength and lower spirality than modal and viscose fabrics due to the structure of lyocell fibers [12] .
The current research has been focused on the use of Tencel fibers along with other cellulosic blends (50:50) to replace 100% cotton fabric because Tencel has better mechanical and comfort properties because of the presence of water in its crystalline structure. The use of regenerated blends to optimize their properties has not been reported yet. The mechanical, thermal, and comfort properties have been evaluated and reported in this study.
Materials and Methods

Materials
Cotton as well as the regenerated fibers (bamboo, viscose, modal and Tencel) were used in this work. The specifications of all fibers used in this research are elaborated in Table 1 .
Methods
Yarn Production
Four blended yarns of 20 tex with different ratios given in Table 2 were prepared. The yarns were produced through ring 
Testing
The mechanical and thermal comfort has been tested as given in Table 6 .
Results and Discussion
Properties of Yarns
The different properties of the prepared yarns are elaborated in Table 7 . Moreover, the tenacities and elongation percentage of yarns are represented in Figure 1 . The Tencel:modal yarn gives higher strength (21.42 cN/tex) than other regenerated blends and 100% cotton fiber. It is due to the higher tenacity Pilling is a fabric surface defect due to fiber movement or slippage of yarns caused by abrasion and wear. Pilling occurs in four steps: fuzz formation, entanglement, growth, and wear off. The formation of fuzz and pills influence the fabric surface, which affects the esthetics and durability of a fabric and its acceptance by consumers. Similarly, abrasion is the rubbing of a textile surface over another surface, which damages the fibers, yarns, and fabrics. The results of propensity to pilling of fabrics and their abrasion resistance are given in Table 8 .
Cotton shows more pilling and lower abrasion resistance; however, Tencel:modal, Tencel:viscose, and Tencel:bamboo have lower pilling and higher abrasion resistance than other blends. Pilling and abrasion resistance depends on numerous factors such as fiber type, inherent mechanical properties of the fibers, fiber dimensions, yarn structure, and construction and thickness of the fabrics. Cotton gives more pilling and lower abrasion resistance because cotton fibers have lower extension at break and work of rupture and lower ability to withstand repeated distortion and, hence, offer less resistance to pilling and abrasion.
Comfort Properties
Air Permeability
For a woven fabric, nature of fiber, yarn twist, yarn linear density, and yarn structure affect the air permeability. As yarn twist is increased, the yarn diameter and the cover factor are decreased, resulting in increase in the air permeability. Increase in yarn twist may also make more circular yarn, making the
Mechanical Properties of Fabrics
The graphical representation of tensile and tear strength of the woven fabrics is given in Figure 2 . Tencel:modal fabric in warp wise and weft wise gives the higher tensile strength (24 kgf) than other fabrics. It is due to higher strength of Tencel:modal yarn because tensile strength mainly depends on the strength of yarn and fibers. Considering the warp-wise direction, the tensile strength of Tencel:viscose and Tencel:bamboo fabrics was 24 and 21 kgf, respectively, however; cotton fabrics has a strength of 24 kgf, which is similar to that of Tencel:viscose because their yarns have same strength. Similar is the case in the weft-wise direction as can be seen in Figure 2a .
Tear strength depends on the yarn strength and yarn mobility in the fabric structure. The yarn mobility further depends on the yarn twist and fiber and yarn smoothness. Fabric weave being same has no effect in this work. The maximum tear strength ( Figure 2b ) in both warp and weft directions is given by Tencel:modal fabric because of the higher strength of Tencel:modal yarns. Cotton yarns were given more twist than the yarns other than cotton as these have lesser fiber length (27 mm). So cotton fabric has minimum tear strength in both warp and weft directions as the yarn is less strong, more rigid, and less smooth because of more twist and more irregularities (number of imperfections, IPI = 137 Figure 3c presents the thermal resistance of the woven fabrics. In this work, as yarn and fabric parameters are same, the thermal resistance mainly depends on the nature of the fibers. Tencel:modal provides more heat resistance than Tencel:bamboo, Tencel:viscose, and cotton. As bamboo and viscose are thermally conductive than cotton [22-23], Tencel proves to be more thermal resistant. The nanostructure of Tencel fibers is different from the other known cellulose fibers. Nanostructure of Tencel consists of the nanofibrils and nanochannels that manage the moisture of the body produced in case of perspiration or sweating [24] . This property of Tencel has made it thermally resistive. Cotton fabrics show the least thermal resistance. It is due to their intrinsic convolutions present in cotton fiber, which offers thermal resistance by entrapping air in the convolutions. This air captures the body heat which is slowly released. But the thermal resistance of cotton is less when compared to Tencel and modal. Although fabric more air permeable. Fabrics having higher-density yarns are closely packed in a tight woven structure, with reduction in air permeability [17] [18] . Fiber cross section affects on the intra-yarn spaces, which further affects the fabric porosity [19] . Tencel:modal fabric (Figure 3a) gives maximum air permeability (605 mm/s). Modal and Tencel fibers have such fiber structure containing channels that increase the porosity of fabric. Tencel:viscose and Tencel:bamboo have an air permeability of 530 and 516 mm/s, respectively, and, hence, are more air permeable than cotton (391 mm/s). Tencel:Viscose is more air permeable than Tencel:bamboo, which might be due to more regularity of Tencel:viscose yarn (IPI = 28.2). Cotton fabric is least air permeable as cotton fiber is coarser (1.46 dtex) than other fibers (1.3 dtex), so cotton fabric has less intra-yarn spaces. Moreover, cotton yarns have more imperfections (IPI = 137), which may cause more air resistance giving less air permeability.
Thermal resistance
Moisture Management
Moisture management is a one-way transport of moisture and overall moisture management capacity (OMMC) of a fabric [5] .
The results for OMMC are given in Figure 3b . The Tencel:modal, Tencel:viscose, and Tencel:bamboo fabrics give better moisture management than cotton fabrics. Cotton, bamboo, and viscose fibers are hygroscopic but the moisture regain of cotton fiber is 8.5% compared to 11% for bamboo and viscose fibers; thus they readily absorb water. Hence, bamboo and viscose fibers absorb more than they spread, resulting relatively in lower OMMC as compared to cotton fiber. It is generally known that cotton has moisture absorption ability. Lumen appears in the center when fiber matures. Lumen helps in water absorption by Tencel:modal, Tencel:bamboo, and Tencel:viscose appear to be more thermal resistant than cotton and their air permeability and moisture management properties are much better than cotton, Tencel:modal, Tencel:bamboo, and Tencel:viscose have more overall more comfort than 100% cotton fabrics.
Conclusion
In this work, Tencel was blended with modal, viscose, and bamboo against 100% cotton fabric. The mechanical and comfort properties were studied and compared. It is found that Tencel:modal blended fabric showed higher mechanical (tensile and tear strength, pilling, and abrasion resistance) and comfort properties (moisture management, thermal resistance, and air permeability) of all blends under investigation. In addition, Tencel:viscose and Tencel:bamboo gave better mechanical and comfort properties than 100% cotton. Hence, it can be concluded that Tencel blended with modal, viscose, and bamboo fabrics are better than less-sustainable pure cotton fabrics. So, the clothings that are being made by pure cotton fabrics can be replaced by Tencel blended with other regenerated fabrics that give improved properties (mechanical and comfort properties).
